Objective: Invasive pulmonary aspergillosis (IPA) is a major challenge in the management of immunocompromised patients. Despite all the advances in diagnosis, it remains a problem. The purpose of our study was to investigate the risk factors associated with IPA seen in patients with hematological malignancies. Method: A total of 152 febrile neutropenia (FEN) patients with hematological malignancies aged over 18 years and receiving high-dose chemotherapy or stem cell transplant between January 1, 2010, and December 31, 2012 were included in the study. Sixty-five (65) cases with IPA according to the European Organization for the Research and Treatment of Cancer and Infectious Diseases Mycoses Study Group criteria were enrolled as the case group, while 87 patients without IPA development during concomitant monitoring were enrolled as the control group. Incidence of IPA was 21.4% (3/14) in patients receiving bone marrow transplant (allogeneic 2, autologous 1) and those cases were also added into the case group. The two groups were compared in terms of demographic, clinical and laboratory findings and risk factors associated with IPA investigated retrospectively. Results: Presence of relapse of primary disease, neutropenia for more than 3 weeks, presence of bacterial infection, and non-administration of antifungal prophylaxis were identified as risk factors associated with IPA. Conclusion: It may be possible to reduce the incidence of the disease by eliminating preventable risk factors. Predicting those risks would, per se, enable early diagnosis and treatment and, thus, the mortality rate of these patients would unquestionably decline.
IntroductIon
Invasive pulmonary aspergillosis (IPA) is the most common form of invasive aspergillosis and a cause of mortality. The prevalence of IPA has increased in association with the heavy chemotherapy regimens applied in patients with hematological malignancies in recent years. Development of IPA has a negative impact on prognosis as it delays treatment of the patient's primary disease while also causing significant economic losses due to treatment costs for the fungal infection. 1, 2 Various risk factors associated with disease development such as long-term deep neutropenia, long-term broad spectrum antibiotic and corticosteroid use, and allogeneic bone marrow transplant (BMT) have been described. 1, 2 Identification of risk factors is important in terms of preventing the disease developing and allowing early treatment in cases of suspected infection. Thus, based on this idea, we planned to investigate the risk factors for development of IPA in patients with hematological malignancies in the light of the current literature.
method
Following clinical research ethical committee approval, the study was performed retrospectively including febrile neutropenic patients with hematological malignancies hospitalized for treatment at the Karadeniz Technical University Faculty of Medicine Internal Diseases Department Hematology Clinic.
All patients with febrile neutropenia (FEN) with possible, probable or proven IPA according to European Organization for the Research and Treatment of Cancer and Infectious Diseases Mycoses Study Group (EORTC/MSG) 3 criteria were enrolled as the case group, while 87 patients without IPA development during concomitant monitoring were enrolled as the control group. The purpose of our study was to investigate risk factors associated with IPA in febrile neutropenic patients with hematological malignancies by comparing the two groups in terms of demographic, clinical and laboratory findings.
Case selection

Inclusion criteria
Febrile neutropenic patients aged over 18, with hematological malignancy diagnosed at the Hematology Clinic and who had received high-dose chemotherapy or stem cell transplant were included in the study. MASCC (Multinational Association for Supportive Care in Cancer) scores were lower than 21 in all of the patients.
Exclusion criteria
Patients undergoing FEN attack during monitoring, who had not undergone high resolution computerized tomography (HRCT) aimed at diagnosis of IPA, and/or without galactomannan (GM) monitoring, and aged under 18 were excluded from the study.
Monitoring of febrile neutropenic patients
Our hospital's hematology clinic is located on the same floor as the ward for BMT patients. It contained 15 beds, three dormitory-type rooms (each capable of housing four patients), and three transplant rooms with HEPA filters. Only allogeneic BMT patients were followed in transplant rooms. The physical conditions were changed during construction and restoration works between June 2011 and March 2012. During the construction time, the hematology clinic remained in operation at the department opposite the area where the works were taking place, and the number of beds was increased to 16. However, patients scheduled for BMT were not admitted to the department. Once the construction and repair works were complete, the BMT unit and the hematology department began operating as two distinct units on the same floor. Ward patients transferred to the opposite ward during construction were placed in two-patient rooms. When the construction and repair works had ended, the ward patients continued to be monitored in the same unit. The number of beds in the BMT unit was increased to seven, and patients began being observed in single rooms with positive pressure. HEPA filters and generally improved physical conditions.
In the light of the EORTC/MSG recommendations, patients' serum GM is studied twice a week, while HRCT is performed on a regular basis. Patients with findings suggestive of IPA are evaluated in terms of bronchoalveolar lavage (BAL) and microbiological and histopathological investigation of specimens obtained from BAL is performed in suitable cases.
Data collection
Files from 200 patients diagnosed with hematological malignancies at the Internal Diseases department's hematology clinic and subsequently referred to the Infectious Diseases Department following development of FEN in the 3-year period between January 1, 2010 and December 31, 2012 were reviewed retrospectively. Fortyeight (48) patients meeting the exclusion criteria were excluded, and the study proceeded with the remaining 152 patients.
GM values, HRCT reports and microbiological and histopathological report records for patients undergoing BAL were obtained from patient files and the hospital automation system. Demographic and clinical characteristics of the cases were recorded on a "FEN patient with hematological malignancy data form".
Serological tests
GM antigen was studied over three years using the Sandwich-ELISA method (Platelia™ Aspergillus, Bio-Rad, France). If the index value was ≥ 0.5 in consecutive serum specimens or ≥ 0.7 in a single specimen, and when the GM index in BAL fluid was ≥ 1, the result was regarded as positive. 4, 5 Radiological tests Presence of at least one nodule determined at HRCT, single or multiple nodules and a ground glass appearance due to hemorrhage around these nodules (halo sign), air crescent finding of cavitation suggestive of IPA was regarded as significant for IPA. 3, 6 Invasive tests Patients with suspected IPA and regarded as clinically indicated for BAL collection from patient records and the hospital automation system were listed. Microbiological and histopathological assessments of specimens were recorded on the "Febrile neutropenic patient with hematological malignancy data form."
Patient definition
Host factors were defined as absolute neutrophil count (ANC) under 500/mm³ and duration of neutropenia exceeding 10 days. 3 Positivity in serum and BAL values was adopted as a microbiological criterion, while clinical findings such as cough, hemoptysis and chest pain and/or presence of findings in favor of IPA at HRCT were evaluated as clinical criteria. 3 Based on EORTC/MSG criteria, patients defined as probable or proven IPA were included in the study as the case group. Tables 1 and 2, respectively. Fourteen (14/9.2%) of the 152 patients in the study received autologous BMT and 12 (7.8%) allogeneic BMT. IPA developed+ in only three (21.4%) patients receiving BMT, two allogeneic and one autologous. BMT did not increase the risk of IPA, the incidence of which was low in patients treated with BMT. Comparison of patients with or without BMT among themselves revealed that acute myeloid leukemia (AML) was the primary diagnosis in 23% of patients receiving BMT, that the level of accompanying bacterial infection in these patients was 15.3%, and that 15.5% used multiple antibiotics.
Statistical analysis
The number of patients receiving antifungal prophylaxis was 19 (29.2%) in the case group and 42 (48.2%) in the control. Fluconazole represented 23% of the agents used in antifungal prophylaxis and posaconazole represented 77%. The number of patients not receiving antifungal prophylaxis was 46 (70.8%) in the case group and 45 (51.7%) in the control group. This difference was sta- Multivariate analysis was carried out for all of the factors identified as positive on univariate analysis. Presence of relapse of primary disease, neutropenia for more than three weeks, and presence of bacterial infections were identified as risk factors associated with IPA. On the other hand, the incidence of IPA was reduced by 80% with posaconazole prophylaxis (Table 3) .
dIScuSSIon
Aspergillosis does not vary depending on age, sex or race. 1, 2, 7, 8 In agreement with the literature, no statistically significant difference was observed between the two groups in terms of mean age or sex.
Several studies have shown that AML and myelodysplastic syndromes (MDS) are the hematological malignancies associated with the greatest risk of IPA. [8] [9] [10] AML was the most common primary disease in our study, followed by acute lymphoblastic leukemia (ALL), non-Hodgkin lymphoma (NHL) and other hematological malignancies. No statistically significant difference was determined in terms of risk of IPA among patients with ALL, NHL or other hematological malignancies. In terms of underlying diseases, our results are compatible with the literature.
While there are no previous studies elucidating the relation between number of previous neutropenic attacks and risk of developing IPA, some authors have reported that the risk of IPA may rise as the number of FEN attacks increases. 11, 12 No significant difference in terms of risk of IPA was determined in our study comparing patients with zero, one or two previous attacks. However, a statistically significant correlation was determined between a history of three or more previous attacks and IPA. These results were in agreement with those in the literature.
Presence of relapse of primary disease is associated with poor prognosis. More aggressive chemotherapies are applied in this patient group and length of hospitalization is greater. This patient group therefore represents a higher risk of development of IPA. [13] [14] [15] The number of patients with relapse in our case group was significantly higher than in the control group. Presence of relapse of primary disease increased the risk of IPA 3.22-fold. These results were again compatible with the literature.
Sufficient count and function of neutrophils in the circulation are known to be important to keep fungal infections under control. 1 Deep and prolonged neutropenia is one of the significant risk factors for development of IPA. Deep neutropenia is defined as lower than 100/ mm³. 12, 15, 16 The number of deep neutropenic patients was significantly higher in our case group. This finding is compatible with the literature.
The risk of IPA increases in line with duration of neutropenia. 1 The frequency at which IPA develops increased by 1% every day in the first three weeks of neutropenia, rising to 4-5% after the 5 th week. 17, 18 In the literature, presence of neutropenia lasting more than three weeks has been shown to be the most significant risk factor in terms of development of IPA. 1, 17, 18 In our study, the number of patients with neutropenia exceeding three weeks was significantly higher in the case group compared to the control group. Neutropenia exceeding three weeks in length increased the risk of IPA 7.01-fold. These findings were compatible with the literature.
Several studies have reported that the risk of IPA increases in patients with cytomegalovius (CMV) infection. 16, 19 The number of patients with CMV in our study was significantly higher in the case group than in the control group. On the other hand, CMV infections may also be due to long-term neutropenia in case group as mentioned in the literature. 20 Some studies have reported that accompanying bacterial infection in patients with FEN and multiple antibiotic use can lead to the development of IPA by damaging microbial flora. 12, 16, 21 In our study, the number of patients with accompanying bacterial infection was higher in the case group than in the control group. Presence of bacterial infection increased the risk of IPA 11.50-fold. The number of patients using three or more antibiotics in our study was also significantly higher in the case group. These findings are compatible with the literature. In conclusion, the preparation of a treatment protocol with each center closely observing its own microorganism profile and the patients' antimicrobial treatment being adjusted in the light of that center's epidemiological data, as well as the prevalence and sensitivity profiles of the microorganisms isolated, represents the most rational approach.
Several recent studies have reported that the risk of IPA increases in the presence of chronic obstructive pulmonary disease (COPD). The most important factor predisposing patients with COPD to develop IPA is corticosteroid use. However, the doses and durations of corticosteroid use that constitute a risk are uncertain. 15, 22 Although the number of patients with COPD in this study was higher in the case group than in the control group, the difference was not statistically significant. We attribute this finding to the low number of patients with COPD.
IPA is less common in subjects receiving autologous bone marrow transplant than in those receiving allogeneic bone marrow transplant. The prevalence of IPA in subjects receiving allogeneic bone marrow transplant varies depending on multiple factors such as donor-receiver compatibility. 19, 23 IPA developed in only three of the 26 patients undergoing BMT in this study. Two of these received allogeneic transplant and one autologous. Although this appears to contradict the literature, when we compared our patients with or without BMT in terms of risk factors, the number of patients diagnosed with AML was low in the BMT group, and levels of accompanying bacterial infection and antibiotic use were also low. Moreover, the number of patients who received antifungal prophylaxis was much higher in the BMT group.
Several studies have reported that steroid use leads to the development of IPA. However, the dose and duration of corticosteroid use that would represent a risk are not clear. One meta-analysis investigated the findings of 71 controlled studies and determined that a daily prednisolone dose < 10 mg or cumulative dose < 700 mg did not increase the risk of infectious complication. 24 Another study reported that a steroid dose ≥ 1 mg/kg per day over ≥ 21 days increased the risk of IPA. 25 Dexamethasone at 40 mg/day for 4-6 days is used as a steroid in some chemotherapy regimens. Statistically significant difference was determined when the two groups were analyzed in terms of the effect of steroid use on risk of IPA.
The administration of prophylaxis in patients with hematological malignancies is controversial. Different practices can be seen from one hospital to another in the same country. Primary prophylaxis can be applied to patients at high risk (receiving AML, MDS or allogeneic BMT). 21 The use of posaconazole for IPA prophylaxis in high-risk AML and MDS patients is more effective than fluconazole or itraconazole, and appears as prophylaxis in the IDSA guideline. 26, 27 Publications regarding posaconazole prophylaxis appear promising, and the number of centers applying posaconazole prophylaxis is increasing. 21, [26] [27] [28] [29] [30] Antifungal prophylaxis can be given in selected BMT patients similar to solid organ recipients. 31, 32 The application of antifungal prophylaxis in patients undergoing autologous BMT is still controversial, and antifungal prophylaxis is not recommended for this patient group in the IDSA guideline. 31 Further studies are needed to identify which patient group will in fact benefit from prophylaxis. Since most of our patients were autologous BMT, no antifungal prophylaxis was given to them, which is in accordance with current guidelines. Prophylaxis was administered to 40% of our patients, with posaconazole in 2/3 of these and fluconazole in the remaining 1/3. The number of patients not receiving antifungal prophylaxis was significantly higher in the case group compared to the control group, and not receiving antifungal prophylaxis increased the risk of IPA 3.53-fold. The incidence of IPA was reduced considerably through the posaconazole prophylaxis.
The presence of Aspergillus spores in hospital environment is an important risk factor for the development of IPA. There is actually a large number of nosocomial outbreaks reported in the literature during construction works. 14, 33, 34 There was ongoing construction works for a few months in the current study; however, this did not affect the incidence of IPA importantly.
concluSIon
It should be kept in mind that reduction of disease incidence may be possible with elimination of preventable risk factors. Due to difficulties in diagnosis, a significant proportion of patients with IPA are diagnosed late, and the disease is often fatal. It is therefore of great importance for patients with multiple risk factors for the development of IPA to be identified and closely monitored, and for diagnostic procedures in these patients to be performed without delay. Success can be improved by teams comprising hematology, infectious diseases and clinical microbiology, radiology and medical microbiology specialists collaborating within a multidisciplinary approach. 
